DNA helicases displace streptavidin from biotin-labeled oligonucleotides.
Helicases are enzymes that use energy derived from nucleoside triphosphate hydrolysis to unwind double-stranded (ds) DNA, a process vital to virtually every phase of DNA metabolism. The helicases used in this study, gp41 and Dda, are from the bacteriophage T4, an excellent system for studying enzymes that process DNA. gp41 is the replicative helicase and has been shown to form a hexamer in the presence of ATP. In this study, protein cross-linking was performed in the presence of either linear or circular single-stranded (ss) DNA substrates to determine the topology of gp41 binding to ssDNA. Results indicate that the hexamer binds ssDNA by encircling it, in a manner similar to that of other hexameric helicases. A new assay was developed for studying enzymatic activity of gp41 and Dda on single-stranded DNA. The rate of dissociation of streptavidin from various biotinylated oligonucleotides was determined in the presence of helicase by an electrophoretic mobility shift assay. gp41 and Dda were found to significantly enhance the dissociation rate of streptavidin from biotin-labeled oligonucleotides in an ATP-dependent reaction. Helicase-catalyzed dissociation of streptavidin from the 3'-end of a biotin-labeled 62-mer oligonucleotide occurred with a first-order rate of 0.17 min-1, which is over 500-fold faster than the spontaneous dissociation rate of biotin from streptavidin. Dda activity leads to even faster displacement of streptavidin from the 3' end of the 62-mer, with a first-order rate of 7.9 s-1. This is more than a million-fold greater than the spontaneous dissociation rate. There was no enhancement of streptavidin dissociation from the 5'-biotin-labeled oligonucleotide by either helicase. The fact that each helicase was capable of dislodging streptavidin from the 3'-biotin label suggests that these enzymes are capable of imparting a force on a molecule blocking their path. The difference in displacement between the 5' and 3' ends of the oligonucleotide is also consistent with the possibility of a 5'-to-3' directional bias in translocation on ssDNA for each helicase.